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MODE Pin - Test, Debug and 
Programming Control 
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IEEE JTAG 1149.1 TCLK 
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not reset and restore I/O operation. Most FPGAs do not have 
the optional TRST* pin. Note TRST*, when present, has a 
pull-up. 
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logical values in different versions of the 
same VHDL logic synthesizer 



Clock Skew 



Shift register is given as an example. Also seen 
in counters and other logic structures. 
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Clock Skew - Timing Analysis 
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MIN/MAX will still be a bit conservative, since will range over all 
manufacturing conditions, not limited to variation within a single die. 
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Clock Skew - From VHDL 
Coding Example 
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Clock Skew - From VHDL 
Synthesized Results 
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Here we see that the logic synthesizer generated a poor circuit. 





Clock Skew - Chip-to-Chip 



Analysis may show problems. Some architectures are 
designed with 0 ns t H ; others incorporate delay elements 
(configurable) on the data inputs to ensure reliable clocki 



Start up Transient - Outputs 
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Start up Transient 
Charge Pumn and Isolation 





Start up Transient - Outputs 
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Start up Transient - Inputs 
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During the start up time with many FPGA models, an input may source 
current. In this application, a buffer with Schmidt trigger inputs is 
recommended. 
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Theoretically, the amount of time a device stays in the 
metasiaHe state may be infinite. 

Many designeis ^re not aware of metastability. 
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The resolution time is not linear with increased circuit time 
and the MTBF is an exponential function of the available 
slack time. 



Metastability - Calculation 
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Software is available to automate the calculations with 
built-in tables of parameters. 

Not all manufacturers provide data. 
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Synchronous Reset 



Crystal oscillator start time 







Flight Oscillator Start Time 
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Flight Oscillator Start Time 

Summary 
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Flight Oscillator Start Time 

Summary 
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Asynchronous Decoding 

High Level 
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Asynchronous Decoding 
Glitch Generation 
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Because of unequal propagation delays, the sequence can 
momentarily go through state 11111111111111 
generating a glitch. 




Used as a clock 




An HDL Flow 




Act 2 Flip-flop Implementation 
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Logic Replication 
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Lockup States - Coding 
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Note: Results depend on version of synthesis software. 






Lockup States 
“Safe” One-Hot 



Reset flip-flops. Note second one is on falling edge 
of the clock. This implementation uses 6 flip-flops. 










Lockup States - Binary Encoding 
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the physical implementation. Also, states that are not 
reachable can be deleted, depending on the software and 
settings. 



Interfacing - Blocks 
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ESD and parasitic diodes (not shown here) to the power 
bus (present in most CMOS devices) form a sneak path. 



Interfacing - Voltage Margin 

TTL -> CMOS 
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V IL = 0.8V and fast devices are sensitive to 
ringing on a backplane. 



Multiple “Synchronous” Clocks 
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Some designers do no simulations or timing 



TMR/Voter Structures 



With no active clock, it’s an SEU integrator. 







Reliance on Logic Sim 
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Time for Modeling External Cir 
CAE S/W Limitations 



Reliance on Logic Simulators 

Case Study 1 
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-^Failed to Find a Logic Error Which Caused 
an Arithmetic Error 



Reliance on Logic Simulators 

Case Study 2 
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• Test Vectors Were Capable of Detecting the 
Design Error 
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Specifications 
Case Study 1 
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Specification 



Specifications 
Case Study 2 
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No Stable Specification 
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Clock Skew Correction 



High-skew Clock 






Synchronizer 






Conclusion 

Stable Specifications Required 
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Does Not Eliminate the Need to Understand the 
T echnology at Lower Levels of Abstraction 



